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Edited by Lev KisselevAbstract HlyIIR is a negative transcriptional regulator of hem-
olysin II gene from B. cereus. It binds to a long DNA perfect in-
verted repeat (44 bp) located upstream the hlyII gene. Here we
show that HlyIIR is dimeric in solution and in bacterial cells.
No protein–protein interactions between dimers and no signiﬁ-
cant modiﬁcation of target DNA conformation upon complex
formation were observed. Two HlyIIR dimers were found to bind
to native operator independently with Kd level in the nanomolar
range. The minimal HlyIIR binding site was identiﬁed as a half
of the long DNA perfect inverted repeat.
 2007 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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regulator1. Introduction
The Bacillus cereus group includes Gram-positive, spore-
forming, aerobic rod-shaped bacteria [1]. Well-known
members of the group are B. anthracis, the causative agent
of anthrax, insecticidal bacteria B. thuringiensis [2,3], and
B. cereus, an opportunistic human pathogen that causes food
poisoning and other infection diseases [4].
In the previous studies, we have described the hemolysin II
gene, encoding one of several cytolytic toxins produced by B.
cereus [5–7]. HlyII is a cytolysin capable to lyse diﬀerent kinds
of eukaryotic cells, a member of the b-barrel pore-forming tox-
in (PFT) family of secreted microbial proteins [8,9]. Many
b-barrel PFTs are important pathogenic factors adapting bac-
teria to a hostile environment during their transient stay in
warm-blooded organisms [1,10]. Their expression is tightly reg-
ulated in bacterial cells.
Recently, three transcriptional regulators that control the
expression of virulence genes in B. cereus have been identiﬁed:
(i) PlcR, a global transcription regulator for most B. cereus
cytotoxins. Genome analysis data suggest that PlcR directly
controls more than one hundred genes and operons including*Corresponding author. Fax: +7 495 956 33 70.
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proteases, and other pathogenic factors [11]; (ii) Fur, a ferric
uptake repressor. The studies using an insect infection model
have demonstrated that a fur null-mutant strain of B.cereus
is signiﬁcantly attenuated [12]; and (iii) HlyIIR, a speciﬁc tran-
scriptional regulator for the hlyII gene [13]. Other factors that
regulate pathogenic factors expression in B. cereus are un-
known.
The hlyIIR gene located immediately downstream the hlyII
gene encodes a 201 amino acid long protein [13]. In vivo exper-
iments have demonstrated that in the presence of hlyIIR gene
the level of hlyII expression is decreased. The HlyIIR protein
speciﬁcally binds to the operator region (Fig. 1) of the hlyII
gene and interacts with RNA polymerase in vitro [13]. The
N-terminal part of HlyIIR displays sequence similarity to a
number of bacterial transcriptional regulators belonging to
the TetR repressors family, while the C-terminal part is more
divergent. Overall sequence identity of HlyIIR to the charac-
terized proteins of TetR family is as low as 21% (for QacR
from Staphylococcus aureus) or less.
Members of TetR family are implicated in the regulation of
apparently unrelated pathways and share several common fea-
tures such as: (i) a highly conserved helix-turn-helix (HTH) mo-
tif implicated inDNAbinding; (ii) dependence on cofactors that
regulate the factor’s activity; (iii) involvement in the adaptation
to a changing environment; and (iv) acting as homodimers [14].
Usually, the proteins of TetR family bind to DNA inverted
repeats of 15 bp [15], but HlyIIR was shown to interact with a
50 bp region located within the hlyII operator containing an
unusually long (44 bp in size) perfect inverted repeat [13],
which includes short subrepeats. The details of HlyIIR interac-
tion with this complicated operator as well as the reasons for
complicity of operator arrangement were obscure. To address
these issues, we have determined oligomerization state of
HlyIIR protein and characterized HlyIIR interactions with
the complete hlyII operator and its parts.2. Materials and methods
2.1. HlyIIR protein
His6-tagged HlyIIR protein was puriﬁed as reported previously [13]
with slight modiﬁcation. The ammonium sulfate precipitation step
(40% saturation) was added before metal-aﬃnity chromatography.blished by Elsevier B.V. All rights reserved.
Fig. 1. Structure of promoter-operator region of hlyII gene The 44bp palindrome, the part of the HlyIIR protected in DNase I footprinting
experiments sequence [13] is indicated by two long arrows. Two subrepeats within inverted repeat are shown below by four short arrows.
Fig. 2. Determination of the molecular weight of HlyIIR by gel-
ﬁltration.
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loaded onto Ni-NTA agarose column. In this study, we have used
the His6–tagged HlyIIR protein named as HlyIIR.
2.2. Analytical gel ﬁltration
The molecular weight of puriﬁed HlyIIR protein in solution was
determined on a Superose – 12 HR 10/30 column (Amersham Pharma-
cia Biotech) equilibrated with 50 mM Na-phosphate, pH 7.5, 200 mM
NaCl. 200 lg of puriﬁed HlyIIR protein, at a concentration of 5 mg/
ml, was loaded onto the column and eluted at a ﬂow rate of 0.4 ml/
min. The molecular mass of HlyIIR was determined by interpolation,
using a calibration curve of proteins of the known molecular masses:
bovine serum albumin (67 kDa), ovalbumin (45 kDa), and chymotrips-
inogen A (20 kDa).
2.3. Chemical cross-linking
Chemical cross-linking of HlyIIR protein was carried out as follows.
Puriﬁed 6His-HlyIIR protein samples (20 lg) were preincubated in the
presence or absence of appropriate amount of 132 bp DNA fragment
in a total reaction volume of 150 ll containing 20 mM Na-phosphate
(pH 7.6) and 100 mM NaCl for 20 min at 20 C. After addition of glu-
taraldehyde to a ﬁnal concentration of 0.1% and incubation for 30 min
at 20 C, the reaction was quenched by addition of NaBH4 (freshly
prepared 2 M in 0.1 M NaOH) to a ﬁnal concentration of 100 mM
and incubation for 20 min at 20 C. Protein was precipitated by
TCA, pellet was washed with acetone, dissolved in 1· loading buﬀer,
and then heated for 5 min at 95 C prior to the analysis on SDS PAGE.
2.4. In vivo oligomerization assay
The Escherichia coli strains and plasmids for the in vivo oligomeri-
zation assay in a k cI fusion hybrid system [16] were kindly provided
by Dr. J. Hu. To construct the pHCF1 plasmid, the hlyIIR gene was
ampliﬁed with 5 0 GAGGTGTGGTCGACGGGGAAGTCTCGTGA
3 0 (sense) and 3 0 AAACACTGGGATCCTCATATATTAGGCTT 5 0
(antisense) primers carrying SalI and BamHI sites (underlined), respec-
tively. The pUJ1 plasmid [5] was used as a template. The PCR-ampli-
ﬁed product was treated with SalI and BamHI restriction enzymes and
cloned into the pJH391 vector. The resulting plasmid pHCF1 carried
an in-frame fusion construct containing the coding sequence for the
k CI N-terminal domain and full-sized HlyIIR. To test protein oligo-
merization in the hybrid system, the b-galactosidase activity in reporter
E. coli strains (JH372, JH607 and XZ980) harboring pHCF1 plasmid
was measured as described by Miller [17]. All measures were made in
triplicate.
2.5. Analytical ultracentrifugation
Sedimentation equilibrium centrifugation was done in an AN-50Ti
rotor using Beckman 12 mm path length six channel charcoal-ﬁlled
Epon centrepieces and quartz windows, in Beckman Optima XL/I ana-
lytical ultracentrifuge, at 20 C using speeds between 8000 and
22000 rpm. Approximately 120 ll of reference buﬀer and a slightly
lower volume (115 ll) of protein sample were loaded into the cells.
Absorbance scans were taken at 3000 rpm to check loading concentra-
tions and that the cell contents were uniformly distributed. The speed
was increased and absorbance scans (260 or 280 nm) had been taken atapproximately 3-h intervals until sedimentation equilibrium had been
achieved (judged by the absence of change in subtractions of successive
scans).
Sedimentation velocity experiments were performed using Beckman
cells with 12 mm path length double sector charcoal-ﬁlled Epon center-
pieces and sapphire windows, in an AN-60Ti rotor. Approximately
420 ll of reference buﬀer and a slightly lower volume (416 ll) of sam-
ple were loaded into the cells. Absorbance scans were taken at
3000 rpm to check loading concentrations and that the cell contents
were uniformly distributed. The speed was increased to 45000 rpm
and absorbance scans (260 or 280 nm) had been taken at 3-min inter-
vals until sedimentation was complete.
Partial speciﬁc volumes, buﬀer densities and viscosities were esti-
mated using the program SEDNTERP [18]. The data were analyzed
using SEDFIT program [19] and the c(s) model (continuous distribu-
tion of sedimentation coeﬃcients). Sedimentation coeﬃcient distribu-
tion graphs were not corrected for the buﬀer density or viscosity.
Sedimentation equilibrium data were analyzed using the Origin soft-
ware (Beckman).
2.6. Oligonucleotides
All oligonucleotides used in this study were synthesized on a DNA
synthesizer by the solid-phase phosphoramidite method and puriﬁed
by 15% PAGE. Two synthetic oligonucleotides: 5 0-CCGTTTAAA-
CAAGAATTTTAAATATGCC-3 0 and 5 0-GGCATATTTAAAATT-
CTTGTTTAAACGG-3 0 were annealed to form a double stranded
(ds) DNA fragment containing a half of the 44 bp operator region of
the hlyII gene enhanced by 6 additional nucleotides (O_half) (Fig. 1).
The [c-32P] ATP-labeled O_half dsDNA fragments were puriﬁed by
PAGE. A 132 bp DNA fragment containing the native operator region
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labeled [a-32P] ATP by PCR using Taq DNA polymerase (‘‘Fermen-
tas’’). The primers used were 5 0-CGCCAGGGTTTTCCCAGTCAC-
GAC-3 0 (sense) and 5 0-TTAAAACACAGAATAACGATTTA-3 0
(antisense). 5 0-F-CGCCAGGGTTTTCCCAGTCACGAC-30 (‘‘Sin-
tol’’ Ltd., Moscow) was used to generate a PCR product of the same
length carrying ﬂuorescein (F) at one 5 0-end. The PCR products were
puriﬁed by 7% PAGE and used as probes for EMSA, ﬂourescence stoi-
chiometric titration, and CD spectroscopy.2.7. Electrophoretic mobility shift assay (EMSA)
The puriﬁed 5 0[c-32P] ATP-labeled oligonucleotide O_half (0.75 pM)
and [a-32P] ATP – labeled 132 bp DNA fragment (0.24 pM) were incu-
bated with various amounts of puriﬁed HlyIIR for 20 min at 37 C in a
buﬀer containing 20 mM Tris–HCl, pH 8.0, and 100 mM NaCl, in aFig. 3. Analytical ultracentrifugation of HlyIIR. (a) Sedimentation velocity
sedimentation velocity experiment on HlyIIR. (c) Fit of equilibrium data for
single species gives an estimated MW of 46743 ± 700 Da. (d) Sedimentation
DNA duplex (dashed line), at 45000 rpm 20 C.total volume of 10 ll. The 0.2 lg of BSA and 1lg of chicken erythro-
cyte DNA as non-speciﬁc competitor DNA were added to the reaction.
After incubation, the samples were immediately loaded onto a 12% or
7% PAGE and electrophoresed in Tris borate-EDTA buﬀer under
non-denaturing conditions. The radioactive unbound DNA and
HlyIIR–DNA complexes were visualized by X-ray ﬁlm.
To determine the Kd values, diﬀerent amounts of the puriﬁed la-
beled 132 bp DNA fragment (0.044, 0.066, 0.1, 0.15, 0.225, 0.3375,
0.5 pM) and 5 0[c-32P] ATP-labeled oligonucleotide O_half (0.33, 0.5,
0.75, 1.13, 1.67, 2.5, 3.75 pM) were incubated with the constant
amounts of HlyIIR: 0.66 pM and 1.31 pM, respectively. Gel segments
containing individual electrophoretic species were excised from the gel
using the ﬁlm as a guide and counted in a scintillation counter [20].
The Kd values were estimated from a Scatchard plot [21]. This is a
plot of [S]bound/[S]free vs. [S]bound. Kd is the negative reciprocal of the
slope.of HlyIIR protein analyzed as c(s) distribution. (b) c(M) plot from
0.2 mg/ml HlyIIR at 16000 rpm, 20 C. The best ﬁt from the data for a
velocity data for HlyIIR–O_half DNA complex (solid line) and 24 bp
Fig. 4. Glutaraldehyde cross-linking. Lane 1 – markers, 2 – HlyIIR,
3 – cross-linked HlyIIR, 4 – HlyIIR cross-linked in the presence of its
operator DNA.
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Fluorescence anisotropy measurements were made with a Shimadzu
RF-5301PC (Japan) ﬂuorescence spectrometer using an L-format set-
up. The samples were excited at 490 nm using the 5 nm slit. The verti-
cal and horizontal emission was monitored at 520 nm with the slit
width of 10 nm. Ten measurements were taken and averaged for each
anisotropy value. The integration time was 4 s. Stoichiometric titration
was performed in a temperature-controlled cuvette at 37 C. Protein
diluted in the binding buﬀer (20 mM Tris–HCl, pH 8.0, 100 mMNaCl,
0.1 mg/ml BSA) was added stepwise to the 1 ml of 2.5 nM ﬂuorescein-
labeled 132-bp PCR fragment in the same buﬀer. DNA dilution was
taken into account during the data analysis. Experimental data were
analyzed accordance to theoretical justiﬁcation of protein–DNA inter-
action [22], using ﬁnal Eq. (1)
r ¼ ½A2B=½BðrAB  rBÞ þ rB ð1Þ
were r is the observed anisotropy and rB and rAB are the anisotropy of
the free and bound DNA. [A2] and [B] represent the concentrations of
total protein dimer and total DNA.
2.9. Circular dichroism (CD) spectroscopy
CD measurements were performed in 20 mM Tris–HCl, pH 8.0,
100 mM NaCl with DNA (132 bp PCR fragment) concentration of
1.5 · 106 M and diﬀerent HlyIIR concentrations. The investigations
were carried out on a Jasko-600 spectropolarimeter (Japan Spectro-
scopic Co., Tokyo, Japan) using a 1.0 mm – pathlength cell equili-
brated at 37 C.Table 1
b-Galactosidase activity in the E. coli reporter strain JH372
Plasmid Description Miller units
pZ150 Vector plasmid 2200
pKH101 cI repressor N-terminal domain 1200
pUJ1 HlyIIR 2200
pFG157 Wild-type cI repressor 130
pHCF1 cI-HlyIIR fusion protein 1503. Results and discussion
3.1. HlyIIR is a dimer in solution
The oligomerization state of the puriﬁed HlyIIR protein was
analyzed by gel ﬁltration and analytical ultracentrifugation
experiments. When subjected to gel ﬁltration, HlyIIR eluted
as a single symmetric peak at a position corresponding to a
globular protein of approximately 45 kDa (Fig. 2). Since the
molecular mass of HlyIIR monomer is 23.5 kDa, it suggests
that the protein to form stable dimers in solution.
The results of sedimentation velocity analysis show that
HlyIIR sediments as a single species at 3.24S (3.41S if cor-
rected for buﬀer density) (Fig. 3a). This value is consistent with
the dimeric HlyIIR form with the frictional ratio 1.3; conver-
sion of the data to a c(M) distribution gives a single peak at 48
143 Da, about 3% higher than expected for dimer (Fig. 3b).
The results of sedimentation equilibrium analysis provide
molecular weight (MW) estimates of 46.7–51.5 kDa, which is
again consistent with the expected MW of the dimer,
47 kDa. An example of sedimentation plot is shown in
Fig. 3c. The plots of estimated MW against concentration do
not indicate any signiﬁcant association/dissociation behavior
at accessible concentrations (data not shown).
3.2. HlyIIR binds to DNA as a dimer
The ability of HlyIIR protein to form other oligomeric struc-
tures during the DNA complex formation was examined by
chemical cross-linking, sedimentation velocity and hybrid fu-
sion system in vivo. Glutaraldehyde cross-linking of HlyIIR
in the presence of the 132 bp fragment operator DNA seemed
not to change the cross-linking pattern observed for the free
protein, with a major band corresponding to the cross-linked
HlyIIR dimers (Fig. 4) and few minor bands corresponding
to higher molecular weight complexes. It seems likely that
these bands, some of which may correspond to tetramers of
HlyIR, resulted from non-speciﬁc cross-linking. Thus, bindingto the speciﬁc operator region does not alter HlyIIR oligomer-
ization state.
The hybrid k cI fusion system was also used to analyze
HlyIIR oligomerization in vivo [16,23]. The C-terminal do-
main of the k cI repressor is responsible for dimerization,
whereas the N-terminal domain binds to DNA. The N-termi-
nal domain alone cannot function as an eﬀective repressor.
The fusion of k cI DNA-binding domain with any protein
capable of forming oligomers can restore the repressor activity
of this fusion protein. Thus, the protein oligomerization state
can be tested in vivo in this hybrid system by comparing the
repressor activity of the fusion protein with the wild-type k
cI using reporter strain that carries the lacZ gene under the
control of k PROR promoter/operator (JH372). Two additional
reporter strains, each containing synthetic operator regions,
were used. The ﬁrst strain carried combination of strong k
operator Os1 and weak k operator Os2 overlapping promoter
of the reporter gene (JH607). The second reporter strain car-
ried only weak Os2 operator (XZ980). Such system allowed
discrimination between (i) dimerization and (ii) formation of
higher oligomeric forms or establishment of additional pro-
tein–protein interactions by tested protein. Full-sized hlyIIR
gene was cloned in-frame with the N-terminal domain of the
k cI gene to create pHCF1 plasmid (see Section 2). The analy-
sis of b-galactosidase activity in the reporter E. coli strains
clearly shows that the fusion protein and hence HlyIIR formed
dimers in bacterial cells and were not able to form higher olig-
omers (Tables 1 and 2). Similar level of reporter activity in
strains JH607 and XZ980 also indicates the absence of pro-
tein–protein interaction within HlyIIR dimers in vivo.
Table 2
b-Galactosidase activity in the E. coli reporter strains JH607 and
XZ980
Miller units XZ980/JH607
ratio
JH607 XZ980
pKH101 cI repressor
N-terminal domain
1700 1600 0.94
pJH370 Dimer controla 880 800 0.9
pJH622 Tetramer controla 225 620 2.8
pHCF1 cI-HlyIIR
fusion protein
800 850 1.1
aControl plasmids were provided as part of the hybrid k cI fusion
system [16].
Fig. 6. Fluorescence anisotropy titration of 2.5 nM ﬂuorescein-labeled
native operator DNA with HlyIIR.
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region of the hlyII gene
The most intriguing thing about HlyIIR is that it interacts
with an unusually long (44 bp in size) perfect inverted repeat
located in the operator of the hemolysin II gene, while usually
the members of TetR family interact with DNA inverted re-
peats of 15 bp [15]. Two distinct bands corresponding to diﬀer-
ent DNA–protein complexes appeared simultaneously at a low
protein–DNA molar ratio when EMSA was carried out with a
132 bp PCR fragment containing native operator (Fig. 5a).
The complete transition of all DNA substrates to protein–
DNA complexes was observed at a molar ratio of 6.5:1, and
then further shift to the higher molecular weight complex
was observed until complete disappearance of the lower weight
complexes. Further changes in the mobility of the complexes
were apparently due to non-speciﬁc HlyIIR–DNA complex
formation. The appearance of two diﬀerent DNA–protein
complexes suggests that several HlyIIR dimers bind to the na-
tive operator region.Fig. 5. EMSA. Binding of HlyIIR to the 132 bp PCR fragment (a) and
to the O_half ds DNA (b). Line 1 – without HlyIIR protein, lines 2–9:
83.4 pM, 20.8 pM, 5.2 pM, 1.3 pM, 0.3 pM, 0.16 pM, 0.08 pM,
0.04 pM of HlyIIR (a); lines 2-8: 10.4 pM, 5.2 pM, 2.6 pM, 1.3 pM,
0.7 pM, 0.3 pM, 0.16 pM of HlyIIR (b) . Molar ratio of HlyIIR/DNA
are indicated in the bottom cell of each panel. Left arrows indicate
DNA marker positions.The ﬂuorescence anisotropy titration assay was used to
determine the exact molar ratio of HlyIIR and DNA in a sat-
urated complex. The constant DNA concentration of 132 bp
DNA fragment carrying a ﬂuorescein chromophore at one
end was mixed with diﬀerent amounts of HlyIIR protein,
and ﬂuorescence anisotropy was measured. Protein had been
added until all binding sites were saturated and the value of
anisotropy reached a plateau (Fig. 6). The intersection of
two linear parts of the binding curve yields a stoichiometric
equivalence at 5.2 nM protein dimer concentration, while
DNA concentration in the reaction mixture was 2.5 nM. Thus,
HlyIIR dimers bind to hlyII operator DNA with a stoichiom-
etry of 2:1, suggesting that two HlyIIR binding sites are lo-
cated within operator’s perfect inverted repeat. However,
chemical cross-linking of HlyIIR in the presence of operator
DNA did not reveal any additional protein forms. We could
interpret this result as two HlyIIR dimers bound to the oper-
ator DNA located at a distance exceeding the bond length of
cross-linking reagent. The shape of the ﬂuorescence anisotropy
titration curve suggests that HlyIIR–DNA interactions are
non-cooperative in character.
Our previous structural data suppose that the distance be-
tween the two DNA-recognition helices of the HlyIIR dimer
is about 35 A˚ [24], suggesting that the two helices ﬁtting into
a major groove are separated by one full turn of the DNA.
In such a complex, the protein dimer covers about 20 bp of
the DNA. As HlyIIR speciﬁcally protects 50 bp of the hlyII
operator DNA from DNase I digestion [13], at least two di-
mers of HlyIIR should bind to cover the hlyII operator region.
We have checked if HlyIIR is able to introduce structural
changes in the bound DNA, since it has been shown for other
DNA-binding proteins binding more than one site within the
operator region, e.g., TetR protein [25]. The conformational
changes in the target DNA upon complex formation resulted
in increase in the CD signal (De) at wavelengths above
250 nm [26]. However, no changes in CD signal were observed,
when increasing amounts of HlyIIR were added to the 132 bp
DNA fragment (Fig. 7). Thus, HlyIIR protein does not induce
signiﬁcant changes in the structure of the hlyII operator DNA.
Perfect inverted repeat located in the operator region of the
hlyII gene contains two subrepeats (Fig. 1). We supposed that
these subrepeats could represent two consequent (proximal
Fig. 7. CD spectra of the operator DNA, HlyIIR (a) and HlyIIR-operator DNA complex (b). The solid line shows the CD of the 132 bp DNA; the
dotted line indicates the CD of the free HlyIIR (a). Black, light grey, dashed and grey lines show the CD of the repressor-operator complex with 0.4,
1.6, 3.8 and 14.7 protein/DNA molar ratios, respectively (b).
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tion with the half of the operator region. The results of sedi-
mentation velocity experiments showed that two species were
present in the mixture of HlyIIR and O_half DNA (Fig. 3d,
solid line) with sedimentation coeﬃcients 2.56S and 4.63S
(17% and 81% of the total signal, respectively). A 24bp
DNA duplex was run as a control (Fig. 3d, dashed line),
behaving as a single species with sedimentation coeﬃcient
2.43S. It is likely that the slower species in the mixture is un-
bound DNA and the faster is a protein–DNA complex. The
expected sedimentation velocity of the HlyIIR dimer–O_half
complex is close to the obtained experimental value.
EMSA showed that HlyIIR interacts with the half of the in-
verted repeat and forms only one DNA–protein complex at
any molar ratio (Fig. 5b), suggesting it is the minimal HlyIIR
binding site. The total transition of the O_half nucleotide sub-
strate to the DNA–protein complex was observed at a protein
to DNA molar ratio as 3.5:1. The apparent dissociation con-
stants for complexes with both DNA substrates were deter-
mined by the Scatchard plot. Kd was estimated as
4.4 ± 1.7 · 109 M for HlyIIR – native operator and as
8.3 ± 3.0 · 109 M for HlyIIR–O_half oligonucleotide com-
plex. Additional EMSA experiments indicated that wide range
variations in ionic strength (50–500 mM NaCl) and pH (from
6.8 to 8.5) had almost no eﬀect on the binding of HlyIIR to the
operator DNA. Moreover, the DNA–HlyIIR complex is very
stable, as it has been observed in solutions containing 2 M urea
(data not shown).
Operator region of the hlyII gene is represented by a long
perfect inverted repeat centered 48 bp upstream of the hlyII
promoter transcription initiation point. The data presented
here indicate that this region includes two consequent subre-
peats located in distal and proximal parts and centered 61
and 36 bp, respectively (Fig. 1). HlyIIR dimers bind both sub-
repeats with high aﬃnity but independently, as suggested by
the data obtained from k cI fusion system and by chemical
cross-linking. Taking together with the results of ﬂuorescence
anisotropy titration experiment these data indicate non-coop-
erative interactions.
It is still not clear why hlyII operator has such a complicated
structure, with two HlyIIR binding sites joined together to
form a long perfect inverted repeat. However, this structure
seems to be evolutionary stable and it is present in all strainsof B. cereus group, for which genome sequences are available
and which contain the hlyII gene (B. cereus, B. thuringiensis,
and B. anthracis) [6]. There are a few nucleotide substitutions
located within the inverted repeat in diﬀerent strains (Fig. 1).
It is notable that all these substitutions are symmetrical, pre-
serving perfect symmetry of the inverted repeat. This arrange-
ment of the operator region points to an exceptional biological
importance of such a complicated structure. However, we have
found additional nucleotide sequences similar to a half the
hlyII gene operator region in complete genomes of microor-
ganisms of B. cereus group published earlier. These sequences
carry single nucleotide substitutions within the operator re-
gion. Preliminary EMSA results for the two of them suggest
that HlyIIR is able to take part in regulation of additional
genes from B. cereus.
Finally, we would like to emphasize that the study of HlyIIR
oligomerization and detailed clariﬁcation of the HlyIIR–DNA
interactions are crucial for understanding the molecular mech-
anisms of regulation of B. cereus hemolysin II expression. Fur-
ther in vivo experiments are required to elucidate the role of
this unusual organization of the cytotoxin gene operator. This
will extend our knowledge about the pathogenesis processes
and/or microbial environmental adaptation.
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